Objective: The diagnosis of fetal akinesia deformation sequence (FADS) is a challenge. Motor assessment is of additional value to advanced ultrasound examinations (AUE) for in utero FADS diagnosis before 24 weeks of gestation. 
clubfeet to AMC can be seen at the onset of FADS. Clubfeet, multiple contractures, and FADS have a prevalence of 1 to 3:1000, 7 1:3000 to 5000, and 1:13 000 pregnancies, respectively. 5 The prognosis of FADS is dependent on its cause. Approximately 30% are stillborn, the majority of live-born infants die of pulmonary hypoplasia. 8 Abnormal motility has been reported when FADS was suspected. 1, [9] [10] [11] [12] [13] Systematic motor assessment for differentiation into specific movement patterns, quality of general movements, isolated arm/leg movements, and quantity of general movements have been performed in a high-risk population for FADS, irrespective of gestational age in our multidisciplinary expert centre: prenatal centre for diagnosing neuromuscular disorders, in particular FADS. 1 This analysis revealed abnormal quality in all fetuses with deterioration in a 2-week period, reduced differentiation in the majority, and only half showed abnormal quantity.
The present study evaluates whether motor assessment, in it is a retrospective study without patient identifiers.
| Definitions of FADS, AMC, and bilateral clubfeet
At the first and second structural assessment, bilateral pes equinovares (BPEV) was defined as bilateral clubfeet without contractures in other regions or structural abnormalities related to FADS, eg, polyhydramnios, IUGR, flattened face profile, and/or increased cardiothoracic ratio.
AMC was defined as multiple contractures in more than one region, eg, arms and legs, without other structural abnormalities related to FADS. FADS was defined as contractures in combination with other structural abnormalities related to FADS.
At the first and second motor assessment, the information of abnormal motility in addition to the structural assessment was used to confirm the diagnosis of FADS based on the structural assessment or change the diagnosis of AMC/BPEV into FADS. Suspect motility at the motor assessment did not change the diagnosis based on the structural assessment. For classification of normal, suspect, and abnormal motility, see Table 1 .
| Motor assessment
The systematic motor assessment is performed during a 15-minute ultrasound examination. The observation time was doubled in case of absence of motility during 13 minutes or more, since this is the maximal pause between consecutive movements in a normal population at this gestational age. 13 During the examination, the investigator holds the probe still, visualizing the head/jaw, trunk, and part of the arm and leg of the fetus. The evaluation consists of three aspects: (1) observation of the differentiation into specific movement patterns, (2) quality of general movements, isolated arm and leg movements, and (3) quantity of movements. The evaluation is adapted from Donker et al 1 ( Table 1 ).
The phenotype FADS was diagnosed if the quality of the motility was abnormal, with or without reduced differentiation into specific
What's known:
Systematic motor assessment for differentiation, quality, and quantity of the movements has been performed in a highrisk population for FADS. 1 Families with recurrent FADS were examined every 2 weeks from 12 to 24 weeks of gestation. The fetuses suspected of FADS were compared with a normal population and abnormalities in motor assessment were used to detect recurrent disease. This analysis revealed abnormal quality in all fetuses with deterioration in a 2 week period, reduced differentiation in the majority and only half showed abnormal quantity.
What's new:
This study evaluates whether motor assessment, in addition to advanced ultrasound examination in case of multiple contractures, supports the timely diagnosis of FADS. All consecutive fetuses with more than two contractures on the 20-week structural anomaly scan were included;
findings at AUE, including motor assessment, were analysed and related to outcome. It is the first study that uses motor assessment to make a distinction in the diagnosis between BPEV, AMC, and FADS. movement patterns or quantity. From the 10-year cohort of Donker et al, 1 we learned that in FADS cases, the quality was abnormal in all, however, not the quantity (only in half) and differentiation. Still, in case of severe deteriorated FADS, examination of the differentiation and quantity supported to diagnose FADS. In two cases, the quality could not be evaluated since general movements were absent.
The motor assessment was recorded digitally to facilitate offline examination. After 2 weeks, the motor assessment was repeated until 24 weeks of gestation to detect changes over time (deterioration, amelioration, and stability). The recordings and assessments were performed by dedicated advanced ultrasound MD's; van der Knoop, Adriaanse, Burger, or Schreurs, and all recordings were assessed and consented to by de Vries. We have reported good inter-observer agreement in pregnancies and fetuses affected with FADS concerning the three motor aspects, differentiation into specific movement patterns Cohen's kappa 0.95, movement quality Cohen's kappa 0.83, and on quantity of general movements Pearson correlation r = 0.88. 
| Postural and other ultrasound findings related to FADS
The following findings were stored from all fetuses; contractures in the upper and/or lower limbs, facial anomalies, increased cardiothoracic circumference ratio (CT-ratio), and presence of polyhydramnios.
The face was examined for micro-and/or retrognathia, flattened nose, and reduced prominence of the lips.
| Outcome measures
The structural and motor assessment of all cases were discussed by a multidisciplinary team consisting of the prenatal staff of obstetricians, neonatologist, sonographers, clinical geneticist, and child neurologist.
The parents were offered consultations with the clinical geneticist, The outcome of the pregnancy and outcome of the child was derived from the medical chart of the women giving birth in our hospital. In case of delivery elsewhere, information about the pregnancy outcome was sent to our clinic by the referring hospital and recorded in Astraia.
| Confirmation of diagnosis
The prenatal diagnosis was examined postnatally by the different disciplines. The living neonates were seen by the paediatrician and orthopaedic surgeon for physical examination of the contractures.
In case of TOP or perinatal death, the diagnosis was investigated by the pathologist and clinical geneticist when permitted by the parents.
The evaluation of the contractures of the joints in combination with the dysmorphologic features together with the histologic and genetic evaluations led to the diagnosis FADS, AMC, or BPEV.
| Descriptive statistics
To examine whether motor assessment had additional value in the distinction between BPEV, AMC, and FADS, the diagnoses are presented in four steps. They were based on the: (1) the first structural AUE, (2) additional first motor assessment, (3) 2 weeks later second structural AUE, and (4) the second motor assessment, also 2 weeks later. Confirmation of the prenatal diagnosis was based on the various outcome parameters described above. 3 | RESULTS
| Study population
A total of 260 ultrasound recordings matched the search containing 140 fetuses from 128 women. Of the 140 cases, 74 were excluded because they did not meet the criteria. The prenatal diagnosis of these 74 fetuses, together with their outcome, are presented in Table 2 . In 16 of 74 cases, no motor assessment had been performed, no other anomalies were suspected, and one developed FADS, a stillborn boy was delivered at 30 weeks. In the same time period, another fetus suspected of FADS presented itself at 35 weeks. The fetus, however, did not fulfil the inclusion criteria of the present study, since no contractures were observed at the 20 weeks structural anomaly scan. The case was referred to our hospital at 35 weeks for polyhydramnios, limited stomach filling, and reduced motility. The mother had experienced reduced fetal movements from 24 weeks onwards. Motor assessment at 35 weeks was suspect for FADS. At 35 weeks and 3 days a stillborn boy was born. FADS was confirmed at post-mortem examination.
The final study population consisted of 66 fetuses from 65 women (median age 32.2 years; range 21.1-43.8 years). Consanguinity was present in four couples (three BPEV and one FADS), absent in 50, and unknown in 11. The mean gestational age at the first assessment was 20 weeks, the mean gestational age at the second assessment was 22 weeks and 1 day.
| Advanced ultrasound examination and motor assessment
The distribution of the phenotypes BPEV, FADS, and AMC are presented per examination, together with the changes over time (see Table A1 .
| Motor assessment
At the first motor assessment, nine of 66 showed reduced differentiation, 18 of 66 reduced quality, and nine of 66 reduced quantity.
The second motor assessment showed reduced differentiation in seven of 43, reduced quality in eight of 43, and reduced quantity in three of 43. Individual motor assessments are presented in Appendix 1.
In three of 40, BPEV was changed to FADS after the first motor assessment because of abnormal quality in all. FADS was changed to AMC in five of 13 because of normal quality, differentiation, and quantity in all. AMC was changed to FADS in 10 of 13 because of abnormal quality in all, abnormalities in all aspects in one of 10, and abnormal quality and differentiation in one of 10; besides this, reduced quantity was seen in two of 10.
At the second motor assessment, the quality was progressively abnormal in eight cases. Reduction of amplitude, speed, and participation was seen in all, reduction in waxing and waning of the general movement was seen in five of eight fetuses, and reduced fluency in one of eight. However, in one of these FADS cases, the hypokinetic movements alternated with hyperkinetic movements with increased twitches and abrupt general movements. In four cases, quality and differentiation could not be assessed because the quantity of the movements was too low.
At the second motor assessment, BPEV was changed to FADS in one of 30 because of abnormal quality (see Figure 1) . FADS was changed to AMC in two of 10 because of reduced variability of the quality but not in the pattern known for FADS, but the majority of general movements, isolated arm and leg movements were performed without fluency.
In two cases three motor assessments could be performed before 24 weeks gestational age, the results of the third examination were in line with the second motor assessment, and did not change the diagnoses.
Late referral gave no time before 24 weeks for repeated motor assessment after 2 weeks in 10 cases. Because of a reassuring first assessment and no other signs of FADS, the pregnancies were continued. None in this group developed FADS, and BPEV was confirmed in all after birth.
One TOP was performed in a fetus with BPEV after the first structural and motor assessment; motor assessment demonstrated normal motility. The diagnosis, BPEV was confirmed by autopsy after TOP.
The pregnancy outcome was available for all fetuses and the prenatal diagnosis of FADS, AMC, and BPEV or other contractures at the latest examination were confirmed by postnatal examination in all fetuses. In four cases, an underlying diagnosis was found in addition to BPEV (spinal muscular atrophy, Down's syndrome, Zellweger syndrome, and lissencephaly). A detailed description with the phenotype suspected prenatally, decision concerning the pregnancy, diagnosis postnatally, the investigation, and consultations after birth are depicted for all the cases in Table 3 . In six of 18 FADS, genetic examination showed an underlying cause; MUSK mutation, SCN4A mutation (n = 2), RyR1 mutation (n = 2), and diastrophic dysplasia. In three of seven fetuses with AMC, an underlying genetic cause was found; nemaline myopathy, a TGFBR1 gene mutation, and a PIEZO2-gene mutation. Intra uterine fetal death (IUFD) occurred in one fetus with FADS, one with lissencephaly and BPEV, and one with trisomy 21
and BPEV. The follow-up of the living children is described in Table 4 .
| Follow-up pregnancies
From the 18 women diagnosed with FADS (17 cases, less than 24 weeks gestation, and one late referral), nine got pregnant again. Motor FIGURE 1 Suspected diagnosis based on the advanced ultrasound examination and changes in diagnosis based on the motor assessments, with the decision on termination or continuation of the pregnancy. AMC, arthrogryposis multiplex congenita; FADS, fetal akinesia deformation sequence; BPEV, bilateral pes equinovares; TOP, termination of pregnancy; IUFD, intrauterine fetal death assessments were performed biweekly from 12 to 24 weeks gestation because of prior FADS, following the same protocol according to Donker et al. 1 In seven of nine pregnancies, normal motility was seen, healthy children were born. In the two of nine cases, recurrent FADS was suspected, however, no motor assessments were made. In the first case, fetal hydrops was seen at 11 weeks, and TOP was performed at 12 weeks gestation. In the second case, IUFD with signs of fetal hydrops at 13 weeks of gestation was found, TOP was performed.
In both cases, the diagnosis of FADS was confirmed by the clinical geneticist and child pathologist by post-mortem examination.
| DISCUSSION
The first 10 years of FADS expertise centre demonstrated the different motor activity of fetuses suspected of FADS in comparison with a normal population and was used to detect recurrent disease.
With this knowledge, we expected that systematic motor assessment would be of additional value for the diagnosis of FADS in fetuses showing greater than or equal to two contractures at 20 weeks.
During the consecutive 10 years, the descriptive analysis of the AUE over time, with a 100% follow-up, supported that the extra parameter motor assessment assisted the distinction between the phenotypes of AMC, FADS, and BPEV.
The motor assessment resulted in change of the suspected phenotype based on first structural AUE in 19 of 65, and the second, in three of 43. In the remaining examinations, the motor assessments confirmed the already suspected diagnosis.
Systematic fetal motor assessment, however, is still limitedly applied and not yet regularly performed in AUE. From the three motor aspects studied here, the quality assessment and reduced differentiation into specific movement patterns were most informative about the presence of FADS, whereas quantity was only affected in half. This is in line with Donker et al. 1 The quality of the movement of the fetuses with FADS in our study was abnormal, showing reduced variability:
small amplitude, slow movements, movements in one direction only, and reduced participation of the body parts (especially trunk and head). Moreover, the finding that hypokinetic movement patterns can be alternated by hyperkinetic movements in the fetuses suspected for FADS is in agreement with other studies. 1, 10 Even fetal seizures have been described prior to the emergence of contractures.
10
Decreased fetal movements, independent of its cause, eg, central nervous system abnormalities or restrictive dermopathy, are widely accepted to be the cause of multiple contractures and other sequence anomalies. When severe, it can result in FADS. [15] [16] [17] [18] [19] [20] [21] However, the limited serial motor assessments demonstrated which reduced activity, is a late expression of affected motor activity and possibly not initiating the contractures. [8] [9] [10] Though different authors advise evaluation of the fetal motility, until now, the main focus has been on diagnosing the different structural anomalies known to occur with FADS.
2,3,22
The varied expressions of the structural anomalies in FADS are illustrated by the following case series. Helmund et al evaluated ultrasound findings, post-mortem reports, and paediatric charts of 79 cases with FADS. 2 They found that FADS presents with various ultrasound findings, mostly affecting the profile, elbow, knee, ankle joint, wrist, and fingers. Fetal hydrops and nuchal oedema were earlier signs, whereas pulmonary hypoplasia, polyhydramnios, and IUGR were found later in pregnancy. 2 Most of our cases did not show these latter features since the pregnancy was often terminated before 24 weeks of gestation. The second case series on antenatal findings in 21 cases with AMC and FADS examined between 12-30 weeks gestational age suggested that pulmonary hypoplasia is obligatory in FADS and cannot be found in AMC. 3 When pulmonary hypoplasia was found, the pregnancy was terminated. However, this makes counselling before 24 weeks gestational age difficult, since this often emerges thereafter. 2 The strength of our study is that we prospectively studied all fetuses with more than one contracture as examined at the 20-week standard anomaly scan, comparing the value of advanced anomaly scan and the additional value of the motor assessment, both repeated after 2 weeks, with a 100% multidisciplinary follow-up.
A limitation of our study is that the second assessment to detect progression of the motility was not performed in all cases. This was because: (1) the combination of the structural abnormalities, together with severe abnormal motility at first examination, already led to TOP;
and (2) Moreover, finding an underlying genetic cause through next genome sequencing may obtain a more exact diagnosis than prenatal ultrasound examination and autopsy. Hypo-and hyperkinetic movement patterns seen.
d Included stepping, movements, so slightly reduced differentiation was interpreted as normal.
